Introduction
In recent years, great effort has been devoted to the design and synthesis of metal-organic frameworks (MOFs) with intriguing structures and fascinating properties. [1] To construct MOFs with novel architectures and properties, a variety of ligands with different steric configurations and coordinated atoms have been employed. Among them, multicarboxylate ligands are the most extensively studied ligands in the strategy of crystal engineering. On the basis of the principle of "reticular chemistry", discrete metal carboxylate clusters [2] or infinite metal carboxylate chains [3] have been broadly explored and utilized as secondary building units (SBUs), and discrete metal organic polyhedra have also been severed as supermolecular building blocks (SBBs) [4] on a larger scale. Although many impressive frameworks with rigid carboxylate ligands have been obtained in recent years and although some of them exhibit unique properties, [5] the construction of MOFs by using ligands with a flexible skeleton is still a flourishing field in view of the structural diversity caused by their conformational freedom during the self-assembly process and in view of the special properties resulting from the structural flexibility. [6] tion of MOFs. By joining the nanotubes with the V-shaped -CH 2 (C 6 H)(CH 3 ) 3 CH 2 -spacer, a 3D framework with 1D triangular channels was formed. The two isostructural frameworks exhibited stability up to 350°C. Gas sorption studies for N 2 , H 2 , CO 2 , and CH 4 confirmed their permanent porosity.
The majority of studies within this scope are concentrated on rigid MOFs. Research on MOFs constructed from flexible ligands is rare owing to the concept that they often form networks with self-interpenetration and lower stability. [8] It is well known that iminodiacetic acid (IDA) is a typical chelating agent that can coordinate to many metals because of the strong chelating ability of the nitrogen atom and the two carboxyl groups. To date, some MOFs possessing neoteric structures with ligands incorporating the IDA moiety have been reported. [9] However, little effort has been spent on studying multi-iminodiacetic ligands.
To exploit new kinds of flexible polydentate carboxylate ligands and to further explore the effects of flexibility on the pore structure and properties of MOFs, we designed and synthesized a new, more flexible aminopolycarboxylate ligand (H 4 L), that is, 2,2Ј,2ЈЈ,2ЈЈЈ-(2,4,6-trimethyl-1,3-phenylene)bis(methylene)bis(azanetriyl)tetraacetic acid, in which four flexible acetic arms are introduced through two meta -CH 2 Figure 1 (a) , the ligand is completely deprotonated, as confirmed by IR spectroscopy. In addition, the two IDA moieties are located above and below the central phenyl ring, which suggests a trans,trans conformation. Each asymmetric unit consists of 2 identical cobalt centers, 1 L 4-ligand, 2 terminal coordination water molecules, and 4.5 discrete aqua ligands. Both Co II ions in one asymmetric unit are six coordinated with a slightly distorted octahedral geometry. In the case of Co1, four oxygen atoms (O1, O3, O6A, O8B) lie in the equatorial positions, whereas the axial positions are occupied by one nitrogen atom (N1) and one terminal water molecule (O1W). Among them, every coordinated oxygen atom except for the aqua oxygen atom come from different carboxylate groups; O1, O3, and N1 belong to the same IDA group, and O6A and O8B come from two other IDA moieties in two different L 4-ligands. The two carboxylate groups, containing C13 and C17, are located at the two vertices of one diagonal, and the other two carboxylate groups are located at another two diagonal vertices (Figure 1 , e). The two pairs of carboxylate groups bridge the cobalt ions and form triple left-and right-handed helices along the [001] direction owing to the fact that the two carboxylate groups of each pair are located at the two sides of the benzene ring with dihedral angles of 80.75 and 79.38°, respectively. [10] Consequently, the two types of helices lead to an infinite nanotube (the effective diameter is 5. examples of infinite metal-carboxylate rod-shape building blocks, [11] to the best of our knowledge, this special metalcarboxylate nanotube has not been previously reported. The coordination of the amino nitrogen atom of the IDA moiety to the cobalt ion is crucial for the formation of such a special nanotube, because it limits the configuration of the IDA group to some extent. Each nanotube is mutually connected by six linked ligands to result in a 3D network with a fnh topology (Figure 1, f) . In this network, every three adjacent nanotubes and the linked ligands create a 1D triangle tubular channel with an effective size of about 8. 
PXRD and TGA
The experimental powder X-ray diffraction (PXRD) patterns of 1 and 2 and the simulated counterpart of 1 from the single-crystal structure data are shown in Figure 2a .
Comparing the experimental patterns of as-synthesized 1 and 2 with the simulated one from the single-crystal structure data of 1, good agreements are found, which demonstrates that the two compounds are very pure and that they are isomorphic in structure. Thermogravimetric analysis (TGA) curves reveal that both MOFs remain stable up to about 350°C (Figure 2,  b) , and then some slight differences in the TGA curves are observed for these two MOFs. For 1, a first plateau is ob-served in the temperature range from 90 to 160°C, and the weight loss of 12.54 % is attributed to the loss of 4.5 guest water molecules (calcd. 12.63 %). The second step occurs between 160 and 240°C, and the overall weight loss of 18.51 % is in good agreement with the value for the loss of all discrete and coordinated water molecules (calcd. 18.24 %). The experiment was finished at 800°C. Slightly different from 1, only one plateau is observed in the TGA curve of 2. The weight loss of 10.21 % in the range from 20 to 90°C can be assigned to the loss of 3.5 lattice water molecules, which well matches the calculated value (10.11 %).
Gas Sorption Properties
Gas sorption experiments were performed with an intelligent gravimetric analyzer (IGA). Before the measurements, as-synthesized 1 and 2 were activated at 100°C overnight under high vacuum (10 -7 mbar) to obtain the corresponding activated samples. The weight loss in the activation process was in good agreement with the value of the loss of all the isolated and coordinated water molecules. PXRD patterns suggest that the activated samples are highly crystalline and that they retain their original structures (Figure 2,  a) .
The typical type I N 2 isotherm at 77 K indicates the microporous nature of 1. The saturated uptake of N 2 at Figure S4 , Supporting Information). It should be noted that the surface area of 2 is lower than that of isomorphic 1, which can be moderately attributed to the following two reasons: (1) The different interaction strength of the gas molecules with the different metal centers in the frameworks. (2) The differences in the extent of sample activation. This kind of phenomenon was also found for previously reported isomorphic MOFs with different metal centers. [12] CO 2 and CH 4 sorption measurements for 1 and 2 were performed at ambient temperature. As shown in Figure 3 (a,b), all sorption isotherms are type I and are reversible with virtually no hysteresis. For 1, the adsorption uptake for CO 2 , respectively, at 273 K and 20 bar. For 2, the corresponding uptakes were 16.77 and 3.57 wt.-%, respectively, under the same conditions, and these value are lower than those obtained for 1. The isosteric adsorption heats (Q st ) for CO 2 and CH 4 at variable amounts of adsorption on these two frameworks were calculated from Virial analysis combined with the Clausius-Clapeyron equation by using the sorption data at 273 and 293 K ( Figure S5 , Supporting Information). As shown in Figure 4 , both of the enthalpies lie in the common range of CO 2 adsorption on MOF materials. [13] Interestingly, despite the distinct behavior of the adsorption amounts for these two isomorphic MOFs, they have almost the same CO 2 adsorption enthalpy (24.6 kJ mol -1 ) at zero surface coverage, which suggests the same interaction of the CO 2 molecules within the two isomorphic frameworks. In addition, the value of Q st at variable uptakes on these two MOFs displays a similar trend with increasing uptake. The value of Q st first increases with increasing CO 2 loading and then reaches a maximum value, at which point Q st decreases gradually with increasing CO 2 loading. This phenomenon is largely different from the majority of rigid frameworks, for which the value of Q st usually decreases as the loading increases because the most favorable adsorption sites are occupied first. [14] Similar behavior was also found for adenine-based MOFs, and it was ascribed to pore geometry and amino functionality. [15] As regards these two compounds, the increase in Q st might be ascribed to the specific triangular shape and size of the channels. The Q st values of CH 4 for both MOFs lie in the 14-18 kJ mol -1 range, which is also within the normal range of CH 4 adsorption heat on MOF materials. H 2 adsorption at 77 K on 1 and 2 exhibits the similar trends as CO 2 and CH 4 adsorption. The uptake amount of H 2 on 1 was 1.59 wt.-% at 77 K and 20 bar, which is comparable to the value on IRMOF-11 [7c] and about 50 % higher than that on 2; the latter is comparable to the values on MIL-102 [16] and JUL-48.
[17]
Conclusions
In summary, two novel isomorphic microporous MOFs were constructed from the reaction of a new flexible amino-polycarboxylate ligand with Co and Ni hydroxides under hydrothermal conditions. The chelation effects of this multidentate ligand with transition-metal centers resulted in a novel infinite metal-carboxylate nanotube. Then, the metal-carboxylate nanotubes were further joined with a linker to produce a 3D pore with a 1D channel. Both MOFs retain their framework up to 350°C and their permanent porosity after removal of the guest molecules. Gas sorption studies on both MOFs exhibited moderate sorption for N 2 , CO 2 , CH 4 , and H 2 . Some differences in the gas sorption performances were observed on these two isomorphic MOFs, which could be attributed to the different strengths of interaction between the sorbents and the different metal centers as well as between the loading guest molecules or to the extent of activation.
Experimental Section
Materials and Instrumentation: 1,3-Bis(bromomethyl)-2,4,6-trimethylbenzene was synthesized by a literature procedure. [18] All other chemicals were obtained from commercial sources and used without further purification. Elemental analyses for C, H, and N were performed with a German Elementary Vario EL cube instrument. IR spectra were recorded with a Nicolet 6700 FTIR spectrometer in the 4000-400 cm -1 region by using KBr pellets. TGA was performed with a NETZSCH STA 449F3 unit at a heating rate of 20°C min -1 under a nitrogen atmosphere. Solution 1 H NMR spectra were recorded with a Bruker Avance-III NMR (600 MHz) spectrometer. PXRD patterns were collected with a D8 Advance X-ray diffractometer by using Cu-K α (λ = 0.154 nm) radiation at room temperature. Sorption isotherms were measured over the pressure range from vacuum to 20 bar by a gravimetric adsorption apparatus (Haden gas sorption analyzer IGA-001).
Synthesis of H 4 L: H 4 L was prepared according to the method published in the literature [19] (see details in the Supporting Information). Single-Crystal Structure Determination: Crystal data for H 4 L, 1, and 2 were collected with a Bruker SMART APEXII CCD diffractometer with graphite monochromated Mo-K α radiation (λ = 0.71073 Å) at room temperature. Data acquisition and integration were undertaken with the SMART and SAINT programs, respectively. Multiscan empirical absorption corrections were applied to the data by using the SADABS program. [20] The structure was solved by direct methods by using SHELXS [21] and refined by fullmatrix least-squares fitting on F 2 by using SHELXL-97. [22] Anisotropic thermal parameters were used for all non-hydrogen atoms. Organic hydrogen atoms were added theoretically, whereas hydrogen atoms of water were added by Fourier syntheses and in a fixed geometrically. All the hydrogen atoms were refined isotropically. The guest water molecules were disordered and difficult to locate and refine. Lastly, we removed those disordered guest molecules with the SQUEEZE procedure. [23] The amount of discrete water molecules of 1 and 2 were determined by TGA and element analyses. Crystallographic details for H 4 L, 1, and 2 are summarized in Table S1 (Supporting Information). Selected bond lengths and bond angles of H 4 L, 1, and 2 are displayed in Table S2 (Supporting Information). CCDC-929730 (for H 4 L), -929731 (for 1), and -950293 (for 2) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Supporting Information (see footnote on the first page of this article): Experimental details, crystallographic data, and structure representation of H 4 L, 1, and 2; IR and TGA diagrams; Langmuir surface and isosteric heat calculations.
